Introduction
While it is known that the enamel of the tooth can be attacked by acid, whether the presence of acid in the formation of the earliest carious lesion is an essential is by no means so certain. In general it has been accepted for many years that the carious process is associated with acid production, but recently several workers, notably Darling (1958) , have suggested that the enamel may be demineralized experimentally without acid being present. It has also been suggested, even by the protagonists of the acid attack theory, that while the initial attack on the enamel might be associated with acid production, the destruction of the dentine might be of proteolytic type, taking place in an alkaline and not acid environment. To understand the nature of the carious process, it is clearly important, therefore, to find out if areas of varying pH exist in the enamel and dentine when subject to carious attack, and also the position of these areas. The limiting factor in the use of a pH meter is the size of the electrodes, and until micro electrodes of sufficiently small size have been produced, accurate assessment of the pH of very small areas is bound to be difficult, and open to much experimental error. The following simple technique, using an indicator, is useful in showing areas of altered pH both in the enamel and dentine; while not a method of precision, showing the exact pH in any particular area, it is of value in giving some indication of the main changes taking place.
Technique
Within four hours of the extraction of a tooth, the crown is cut off and multiple sections, each about 200 [A thick, are cut through the crown with a diamond wheel cooled with distilled water. The sections removed from the cutting machine are Meeting April 30 1962 Papers placed on a slide, and a few drops of sodium methyl red (aqueous acid methyl red buffered with sodium hydroxide, pH range 4-4 to 6 0) are placed on the sections. To avoid precipitation, if photographs of the sections are to be taken, the indicator is flushed off with distilled water after being on for approximately half a minute. The water itself is then sucked away with a pipette. Numerous indicators have been tried, but the majority turn to yellow on the acid side, which is not easily visible against the background of the tooth; methyl red, which turns to red on the acid side, has been found to be the indicator of choice. Results (1) On application of the indicator to a section of a grossly carious tooth, an immediate reaction is seen, with both carious enamel and dentine turning to a bright red colour. In many such grossly carious teeth an actual swirl of red coloration is seen coming into the orange coloured indicator from the carious zones, suggesting that a relatively high percentage of acid must be, or have been, present. Red coloration is seen in the enamel where this is carious, even if the caries has not, as yet, advanced into the dentine. A typical example is seen in Fig 1. A, very small area ofred tinge in dentine. B, altered tract in dentine showing no red coloration. x 7 5 approx.
(2) Teeth showing old chronic hard caries, extracted from elderly patients, while occasionally showing a slight reddish tinge in the dentine, do not show anything like the extent or deepness of red colour seen with active caries (Fig 2) .
(3) Sections of teeth with sound amalgam fillings show no red coloration in the dentine under the filling. In teeth with unsound fillings, with a leak between the filling and the dentine, red coloration is seen in the dentine adjacent to the leak.
(4) Experiments were conducted to find the relationship of areas of low pH to the organisms in the dentine. Softened dentine was first removed from carious cavities in teeth with an excavator down to the hard dentine below, following the technique used in earlier work to determine the relation of organisms to the softening process in the dentine (MacGregor et al. 1956 , Whitehead et al. 1960 ). After softened dentine had been removed, the tooth was sectioned and the methyl red indicator applied to the section. In these teeth a red rim was almost invariably seen round the periphery of the cavity, indicating an area of low pH in the dentine slightly in advance of the softened part. A typical specimen is seen in Fig 3. After the indicator had been applied, and the specimen photographed when necessary, the ground section was decalcified, and serial sections of about 7-8 p. thickness cut by the paraffin wax technique. Sections were stained with a modified Gram's method devised by Sidaway (Whitehead et al. 1960 ). This technique gives a far better staining of organisms in dentine than the normal Gram method. When these serial sections were examined under the microscope, the relationship of any organisms to the area of dentine, which had been seen earlier to be an area of low pH, could be observed. In many sections no organisms were present in the dentine below a cavity, even though the area had been seen previously from the indicator to be one of low pH. In other specimens, though organisms were present in a few small superficial isolated clumps, they were not present in sufficient quantity to explain the marked red rim indicating a low pH over a considerable area at the bottom of the cavity. Fig 4 shows a section from the tooth illustrated in Fig 3. Although a marked red rim was seen at the base of the cavity in the macroscopic specimen, no organisms are seen in the dentine below the cavity. This specimen is of particular interest, in that a contrast can be seen between the floor of the cavity, which is free from organisms in the dentine, and a small area at the cervical margin where soft caries was not removed. In the latter area, a small group of tubules containing organisms can be seen.
(5) In several teeth with caries of the enamel that had just penetrated the amelodentinal junction a marked red zone, indicating an area of low pH, was present in the enamel up to the amelodentinal junction, but although a well-marked altered tract was seen in the dentine below, no red staining was visible in the tract itself ( Fig 5) . Sections of these teeth, stained with the modification of Gram's stain, showed that while organisms were present outside the dentine in the area of the amelodentinal junction, no organisms were present in the dentine itself ( Fig 6) . This suggests that some mechanism, such as irritation by toxins from the organisms, or possibly the presence of acid must 'trigger off' the change in the dentine seen as an altered tract, before organisms actually enter the dentine itself.
Control Experiments
Several other indicators, including chlorphenol red, bromcresol purple and bromcresol green, have been tried. These indicators are among those which turn to yellow on the acid side, and are not easy to distinguish on the background of the tooth. Sufficient trials have been done, however, to show that the areas of low pH are shown by all the indicators. With chlorphenol red, the pH of altered enamel and dentine was below 5 5, and with bromcresol green it appeared to be below 5 0. Control experiments were performed by cutting a hole with a drill into the crown of a sound tooth, fitting in a polythene tube, and allowing buffered lactic and formic acids to come into contact with the dentine on the floor of the cavity for forty-eight hours. The teeth were then the same specimen as shown in Fig 5, and stained with a n-odification of Gram's stain to show organisms. Note area A-A of altered dentine underlying caries in enamel which, although giving a different appearance, did not show a low pH with indicator, and does not contain organisms. x 13 5 approx.
washed, ground sections were taken and indicators added. Dentine below these artificial cavities showed a very similar reaction to that seen in association with dental caries. To overcome the possibility that decalcified dentine matrix might react with the indicator to give a red coloration, the matrix itself has been tested with indicator, but appears to give no acid reaction at all.
Discussion
In view of the differing theories of the mechanism of the carious process, it is of interest that from this work it certainly appears to be associated with a lowering of the local pH. Early altered enamel gives a marked red coloration, and in rapid active caries of the dentine, apart from the instant change in colour of the dentine itself, a swirl of colour can be observed coming out into the indicator from the dentine when the former is placed on the section. While the pH would appear to be below 5 0, it cannot on the available evidence be said that acid is actually decalcifying the enamel and dentine, but even if the indicator change is caused not by free acid, but by an acid salt, it seems that acid must be associated with the process.
The absence of marked lowering of pH with old -chronic caries, and of any red coloration under sound fillings, when compared with the marked reaction in active caries, fits the clinical picture. Work carried out at the Birmingham School, and in other parts of the world, has shown that the dentine underlying fillings is by no means always sterile. The absence of any area of low pH under ,sound fillings suggests that the sealing off of -organisms from mouth fluids and food substrate inhibits acid formation, even though organisms themselves may be present and viable. Support to this hypothesis is given by the observation that in unsound fillings with a leak between the filling and the teeth where mouth fluid and food substrate ,can reach, marked red coloration indicating an area of low pH is found.
Earlier work on the relationship of organisms -to softening in the dentine (MacGregor et al. 1956 , Whitehead et al. 1960 suggested that in the -majority of carious teeth the softening of the -dentine appears to precede the organisms associated with it. Support to this hypothesis is given by the experiments described, in which softened -dentine was removed before the application of indicator. Since the area of low pH appeared to be present in front of softened dentine which had -been removed, in many cases with few, if any, -organisms present in the area of low pH, the association of a low pH with the area of softening in advance of the main body of organisms is at least suggestive that the low pH and softening are linked. The observation that in teeth with early -caries, where the enamel had been breached and -showed a low pH, the marked altered tract in the -dentine that could be seen with the naked eye was free of organisms and did not show any lowering -of pH, is of considerable interest. It is clear from -this that some alteration of the dentine underlying :an early carious lesion can take place before the -entry of organisms, though the mechanism by -which this starts is not clear, and much further -work is necessary on this point.
The indicator technique described is by no means a precise one, and the change in indicator ,colour may well be due to the presence of an acid -salt rather than free acid itself. The fact that altered enamel and dentine show this colour .change suggests, however, that acid must be associated with the carious process for an acid -salt to be present. It is unlikely that dentine matrix or enamel matrix can give rise to a colour ,change in the indicator without an acid salt being present, since artificially prepared dentine matrix itself gives no indicator change, apart from the fact that carious enamel with a far lower organic matrix content than the dentine gives a more strongly acid reaction to indicators than the dentine itself.
The Oral Changes in Gargoylism by R A Cawson MB FDS RCS (Department of Dental Medicine, Guy's Hospital, London) Gargoylism, a name suggested by Ellis et al. (1936) , is characterized by a peculiar facies, dwarfism, widespread skeletal defects, mental deficiency, an enlarged liver and spleen and clouding of the corneas.
The outstanding feature of the pathology is the widespread effect of the disorder on both epithelial and connective tissue cells. The skeleton, the nervous system and the viscera are especially affected and abnormal storage substances (mucopolysaccharides) distend the cells of any affected tissue.
In addition, there are oral abnormalities which have been reported often enough to be regarded as characteristic of the disease and indeed their development can be linked with the general pathology.
The purpose of this paper is to report a case of gargoylism and to discuss the pathology and oral findings.
Case Report
A boy, whose parents were first cousins, was noticed at the age of 7 months to have facies suggestive of gargoylism and to have nasal congestion and kyphosis. At the age of 5, the following clinical features also characteristic of gargoylism were apparent: the patient was a dwarf, severely mentally retarded and
